Asbestos bodies in rat lung have rarely been reported, and just one previous record of their formation from chrysotile fibres in the rat is known. This paper illustrates the production of numerous true asbestos bodies in the lungs of Lister hooded rats after a single small intratracheal dose of lightly milled chrysotile. The demonstration of these bodies is particularly useful because uncoated chrysotile fibres in lung tissue cannot normally be visualized by light microscopy; the detection of asbestos bodies, and therefore of asbestos fibres, provides a means of directly relating asbestos exposure to observed tissue lesions. The asbestos bodies detected in the present study were nearly always associated with small pulmonary fibrotic lesions. The bodies ranged in length from 5 to 80 11m and were up to 5 11m in diameter. Small spheres, rods and bodies the shape of a comma were common; larger beaded structures were somewhat rarer. The bodies were visible in tissue sections stained routinely with modified Azan stain and with haematoxylin and eosin, but their detection and localization was enhanced by the use of Perls' Prussian blue stain in association with a pale eosin counterstain.
In experimental studies on the biological effects of asbestos fibres in laboratory animals, it is valuable to be able to relate observed pathological changes to lesions seen in human cases of asbestos exposure. In this respect the production of focal and interstitial fibrosis, pleural plaques and tumours of the lung and mesothelium is particularly significant. A further characteristic of asbestos exposure in man is the frequent presence in the lungs of numerous 'asbestos bodies'; these are elongated, irregularly shaped, golden-coloured bodies which stain positively for iron and have an asbestos fibre core. In humans they occur in various sizes, between 10 and 60 11m in length and 0·5-25~lm in diameter, and in a variety of shapes (Pooley, 1972) . Characteristically they resemble a string of oval beads, often with a bulbous end.
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Similar bodies have been seen in the lungs of guinea pigs and hamsters following inhalation or intratracheal instillation of any of the main commercial varieties of asbestos (Gross & De Treville, 1967; Suzuki & Churg, 1969a, b; Botham & Holt, 1971 , 1972a . Only very rarely, however, have they been identified in rat lung, and in laboratory animals, as in humans, asbestos bodies are formed much less readily from chrysotite than they are from amphibole fibres (Churg & Warnock, 1980; Holmes, Morgan & Davison, 1983) . Thus Holmes and Morgan (1980) and Botham and Holt (1972b) , for example, have described 'rare and atypical' asbestos bodies in rat lung following inhalation of anthophyllite and crocidolite, but with regard to experiments using chrysotile there is only one known report of asbestos bodies being found in rat lung (Vorwald, Durkan & Pratt, 1951) . Holt, Mills and Young (1964) found no bodies after long-term inhalation of chrysotile dust by rats, and similarly none was found by Wagner et af. (1974) in a series of detailed experiments on the effects of inhalation of all four main asbestos types (chrysotile, crocidolite, amosite and anthophyllite). Gross and De Treville (1967) , using the intratracheal method to administer chrysotile (Canadian) fibres, induced asbestos body formation in several species of laboratory animal but again not in rats.
This paper, we believe, gives the first full lightmicroscope description of asbestos bodies formed from chrysotile fibres in rat lung, and as far as we know is the first record of asbestos body formation in rats following intratracheal instillation of chrysotile asbestos. 
Materials and methods

Results
Asbestos bodies described here were first seen during high power (c. 400x) microscopic examination of some interesting lung sections with unusual areas of pulmonary fibrosis. These fibrotic areas either were focal and specifically associated with bronchiolar walls (often with accumulated macrophages and occasionally involving a local proliferation of bronchiolar or alveolar duct smooth muscle cells) or were more diffusely structured and parenchymal, resembling small chronic inflammatory lesions. Similar lesions have been described in rats exposed to chrysotile in previous experimental studies of asbestosis (Holt et al., 1964; Gross & De Treville, 1967; Lemaire et al., 1985) . They were similar also to the small-airway lesions in asbestosexposed human lungs described by Wright and Churg (1984) . In the present investigation it was found that whenever asbestos bodies were seen (denoting the presence of otherwise invisible chrysotile fibres) they were nearly always associated with such areas of fibrotic change.
.
Figs 1-3 are low to medium power photomicrographs showing some of the typical fibrotic lesions described above. Fig. 2 is an example of bronchiolitis fibrosa obliterans, a lesion which has already been associated with experimental asbestos exposure (Cadieux, Masse & Sirois, 1983; Lemaire et al., 1985) . in these areas (plump fibrocytes, abundant collagen and occasional macrophages can be seen), and Fig. 6 shows similar bodies stained with Perls' Prussian blue for haemosiderin. Prussian blue with a light eosin counterstain is recommended as an excellent method for detecting and localizing asbestos bodies in lung sections.
The bodies in the photomicrographs range in length from 5 to 80 J.lm and are up to 5 J.lm in diameter (most are less than 20 J.lm long). They are generally similar in size and shape to bodies formed from chrysotile fibres in hamster lung (Suzuki & Churg, 1969a) and guineapig lung (Botham & Holt, 1971) . They are also comparable in size with human asbestos bodies (Pooley, 1972) but are mostly at the smaller end of the size range. Single small round globules, simple rods, or bodies the shape of a comma are common; beaded structures and long bodies are somewhat rarer. The preponderance of simple forms should be stressed; at first sight these may be mistaken for plant spores or other adventitious inclusions or may be overlooked altogether. The asbestos bodies observed in this study were sometimes fully or partially engulfed by phagocytes but more usually appeared to be entirely extracellular or enmeshed in collagen.
Discussion
The prevalence of asbestos bodies in human lungs as indicative of previous asbestos exposure is well documented; indeed, their abundance may be used as a rough quantitative measure of the degree of environmental or occupational asbestos exposure (Churg & Warnock, 1977) . The paucity of asbestos bodies found to date in experimental rat studies, therefore. would seem to detract somewhat from the usefulness of the rat in investigations of the biological effects of asbestos since it suggests that in this respect the rat does not mimic the human response. It also, perhaps, implies a different pathological reaction to the fibres. Further, lack of asbestos bodies makes the quantification and localization of asbestos fibres in the lung more difficult; this is especially true of chryostile fibres which are virtually impossible to see in lung tissue using light microscopy. The mechanisms involved in the formation of asbestos bodies are well known (e.g. Davis, 1964; Holt & Young, 1967; Suzuki & Churg, 1969a, b; Pooley, 1972) . Various explanations for the rarity of such bodies in the rat (and other species), as revealed by Vorwald, Durken and Pratt (1951) , have been proposed, notably by Botham and Holt (1972a) who suggested that asbestos fibres and the ferruginous material required for the production of asbestos bodies are cleared more readily from rat lung than, for example, from guineapig lung. II is possible that the type of chrysotile used and the method of administration of the asbestos are important here. Also, there may be real and marked differences in the mean sizes and the shapes of bodies detected in different species so that in comparative studies smaller more insignificant bodies such as the spherical ones observed in the present study are inadvertently overlooked or underestimated.
Even if no fundamental importance is attached to (1) The use of an intratracheal method for fibre administration rather than an inhalation technique may be important.
(2) The use of Perls' Prussian blue stain with an eosin counterstain considerably aids the detection and localization of the asbestos bodies (which are frequently associated with unusual focal fibrotic lesions). (3) An overall microscope magnification factor of at least 250x is normally required to detect the bodies which are mostly of simple form and very small (less than 5 !lm x 20~lm).
(4) It is conceivable that differences exist in the responses of different strains and varieties of rat; if this is so then the use of Lister hooded rats is recommended.
A further interesting observation is that asbestos bodies and associated fibrotic changes have been seen in rats at various times after treatment -up to 36 months in the present study after a single intratracheal dose. To conclude, this study has demonstrated, for the first time, asbestos body formation in rat lung after intratracheal instillation of chrysotile. It is of considerable advantage to be able, using light microscopy, to deduce the whereabouts in the lung of instilled chrysotile fibres, especially when studying subsequent pulmonary lesions; the formation and subsequent observation of asbestos bodies enables this to be done.
